Introduction
Sotos syndrome is characterized by typical facial appearance, childhood overgrowth with macrocephaly, and learning difficulties [1] . Several case reports have been published of this syndrome complicated with left ventricular noncompaction (LVNC) or double orifice mitral valve (DOMV) alone [2] [3] [4] . However, the combination of both complications has not been reported. In the present study, we show the case of Sotos syndrome associated with LVNC and DOMV.
Case report
A 10-year-old boy with Sotos syndrome was found to have heart murmur and referred to our hospital for echocardiographic evaluation. The patient was born at 37 weeks of gestation. Birth weight, height, and head circumference were 4270 g (+4.8SD), 56 cm (+4.9SD), and 38.5 cm (+4.3SD), respectively. The diagnosis of Sotos syndrome was based on the typical phenotypes, including almondshaped eyes, hypertelorism, squint, wide forehead, pear-shaped head, childhood overgrowth with macrocephaly, and learning difficulties. However, gene analysis was negative for haploinsufficiency of the nuclear receptor Set Domain containing protein 1 gene (NSD1), which has been reported to be the cause of the syndrome [1] . The past medical history included coil embolization of ductus arteriosus at 3 years of age. Cardiac catheterization revealed that the ductus was small in diameter (2 mm) and pulmonary to systemic blood flow ratio was 1. Sotos syndrome is an autosomal dominant condition, sometimes complicated with cardiovascular malformations. We report the case of a 10-year-old Japanese male with Sotos syndrome found to have double orifice mitral valve (DOMV) combined with left ventricular noncompaction (LVNC) by transthoracic echocardiography. Three-dimensional echocardiography clearly demonstrated the trabecular meshwork, two separate mitral orifices with subvalvular apparatuses, and multiple tendinous cords. To the best of our knowledge, this is the first case of Sotos syndrome associated with DOMV and LVNC. Considering that mitral valve leaflets, chordae, papillary muscles, and primitive trabeculations of the left ventricle originate from the endomyocardial cushions in the developing heart, both cardiac defects in the present case might be explained by a common developmental aberrancy of endomyocardium. Patients with Sotos syndrome should be screened for mitral valve anomaly, subvalvular apparatuses, and left ventricular myocardial function as well as structural abnormalities. <Learning objective: Sotos syndrome is sometimes complicated with cardiovascular malformations, including left ventricular noncompaction (LVNC) as reported in some previous articles. Considering the rarity of both the syndrome and LVNC, this combination might not be coincidental. It is intriguing that the present case had double orifice mitral valve in addition to LVNC, as both mitral valve leaflets and primitive trabeculations of LV might be derived in common from aberrant development of the endomyocardial cushions.> ß 2014 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
95/9 mmHg, respectively. Mitral valve inflow early filling velocity (E wave) and late filling velocity (A wave) were 127 and 88 cm/s on pulsed-Doppler echocardiography. Although slight mitral valve stenosis was suspected on these data, DOMV and LVNC went unnoticed at this stage. At admission, chest auscultation showed normal heart sounds and only feeble diastolic murmur. No signs of heart failure were evident. A chest radiograph showed neither cardiomegaly (cardiothoracic ratio, 50%) nor lung congestion. Two-dimensional transthoracic echocardiography (TTE) showed two separate mitral valve orifices without stenosis (mean pressure gradient 1.5 mmHg for both), with trivial mitral regurgitation at the left orifice (Fig. 1A-C, Supplement 1) . The areas of the two orifices were 1.9 (left) and 3.7 (right) cm 2 . The LV end-diastolic volume and ejection fraction, calculated by the modified Simpson's method, were 87 ml/m 2 and 56%, respectively. LV trabeculations encircled the endocardium at the apical and midportions with blood flows into the myocardial gaps on color Doppler imaging (Fig. 1D-F , Supplement 2). Three-dimensional TTE showed the trabecular meshwork in short-axis view, with its own subvalvular apparatus and multiple tendinous cords ( Fig. 2A and B, Supplement 3 ). Based on these findings, the final diagnosis was DOMV associated with LVNC.
Discussion
Sotos syndrome is an autosomal dominant condition characterized by typical facial appearance, childhood overgrowth with macrocephaly, and learning difficulties [1] . Haploinsufficiency of NSD1, due to intragenic mutations, and partial gene deletions or 5q35 microdeletions [2] have been reported as genetic causes of this syndrome. This syndrome is sometimes complicated with cardiovascular malformations. Although several case reports have been published of this syndrome complicated with LVNC or DOMV alone, the combination of both complications has not been reported previously [3, 4] . LVNC is characterized by the persistence of embryonic myocardial morphology and thickening of LV wall in Three-dimensional echocardiography showed the trabecular meshwork on short-axis view (A). Each orifice had a subvalvular apparatus (B).
the apical segments, due to noncompacted myocardium with prominent trabeculations [5] . LVNC is associated with heterogeneous genetic background, although the presence of any correlation with Sotos syndrome has not been firmly established [3, 6] . In the present case, the patient showed no signs of cardiac failure. However, the patient had two mitral valve orifices due to the presence of central fibrous tissue and subvalvular apparatus, together with abnormal trabeculations at apical and midsegments. In the developing heart, mitral valve leaflets, chordae and papillary muscles, as well as primitive trabeculations of the left ventricle, originate from the endomyocardial cushions. Thus, abnormal endomyocardial differentiation can result in both mitral anomalies and subvalvular structural diseases. Although the combination of DOMV and LVNC could be a coincidence considering the rarity of the diseases, it is intriguing that both abnormalities have been explained by developmental arrest of the endomyocardium. In fact, several cases with this combination have been reported in the literature [7] [8] [9] [10] .
Conclusions
To the best of our knowledge, this is the first case of Sotos syndrome associated with DOMV and LVNC. Patients with Sotos syndrome should be screened for mitral valve anomaly, subvalvular apparatuses, and LV myocardial abnormality and function due to the reported wide variability of cardiac symptoms [5, 6] .
